Abstract: This study was conducted to investigate the biogeographic characteristics of the insect faunas of the seven islands of the west coast of Incheon, Korea, using a quantitative analysis method. The faunal similarity was examined using the Bray & Curtis similarity. The obtained similarity value matrix was examined with cluster analysis using the UPGMA method. The recorded number of each species in the areas was 1,001 from 12 orders and they were distributed on the seven islands surveyed. Among the surveyed islands, Seokmodo had the highest number of species with 497, while Yeonpyeongdo had the lowest with 136 species. The species composition of insects reported in Ganghwado was 309 species belonging to seven orders. The similarity values between the seven localities investigated ranged from 24.907 (Gyodongdo to Yeonpyeongdo) to 49.899 (Baengnyeongdo to Ganghwado). That is, the species composition of Baengnyeongdo (47.90%) was similar to that of Ganghwado, while it was different from that of Yeonpyeongdo (25.28%). The cluster analysis using a similarity index shows that all the islands in these areas can be divided into 3 groups at the level of 30.97%.
Introduction
Since Darwin's visit to the Galápagos Islands, ecologists have been using islands to study the colonization, adaptation, speciation, and distribution of species (Presten 1960 , Simberloff and Abele 1982 , Quammen 1996 , MacAuther and Wilson 2001 , Whittaker et al. 2005 , Smith and Smith 2006 . Islands are surrounded by sea water, and may or may not exist as parts of a continental land mass. Islands arise due to reef growth, and usually subside over time due to erosion and changing sea levels. When islands emerge, they undergo the process of ecological succession as species colonize the island. New species cannot immigrate via land, and instead must arrive via air, water, or wind. As a result, organisms with high dispersal capabilities, such as plants and birds, are much more commonly found on islands than those with poor dispersal abilities such as mammals (Johnson 1980 , Quammen 1996 . Of the species that arrive on an island, only some will be able to survive and establish populations. Naturally, islands have fewer species than mainland habitats. Island populations are small and exhibit low genetic variability, but are isolated from the predators and competitors that they initially evolved with. This can lead to a process called ecological release, where a species is released from its ancestral community interactions and then colonizes new niches (Paulay 1994) . In response to these changing ecological pressures, island species can become much more docile than their mainland counterparts, and may grow larger or smaller. The formation of new islands and their isolation from the mainland provide many unoccupied niches for species to adapt to. Since immigration of predators and competitors is limited, many organisms are able to persist in these new niches. This results in a high occurrence of endemism, a phenomenon where species are unique to a localized area (Justin 2008) . Because the distributions of these populations are limited by their island habitats, they tend to have fewer individuals than their mainland counterparts and lower genetic variation. This, along with the behavioral and ecological factors mentioned above, makes island species more vulnerable to extinction (Paulay 1994) .
Early biogeographers, who noted that large islands hold more species than small islands, noticed the influence an area has on the richness of species. Preston (1962) identified that a 10-fold increase in area leads to a doubling of the number of species. In addition, species richness is effected by the distance an island is from the mainland. MacArthur and Wilson (1967) developed the theory of island biogeography using species-area and species-distance effects. The theory shows that the number of species established on an island represents a dynamic equilibrium between immigration and extinction.
The information on insects in west coastal islands has been increasing with the progress of taxonomic researches (Korea Forest Service 2000, Nam et al. 2007 , National Institute of Environmental Research 2007 , Byun et al. 2010 . However, there had been no study that tried to cover the fauna similarity of the whole west coastal region in Korea and this research was carried out to fill this void in the present research. In order to examine the comparability of insect faunas of the whole west coastal islands near Incheon, seven sites were selected; Baengnyeongdo, Boleumdo, Daecheongdo, Ganghwado, Gyodongdo, Seokmodo, and Yeonpyeongdo. Islands are attractive sites for ecological research because they provide clear examples of evolution in action. They show interesting patterns of colonization, adaptation, and speciation.
Materials and Methods

Insect survey and study areas
The data used in this paper was collected from Gangwhado and six other west coastal islands in Incheon, Korea, which have been well investigated. The data from three islands, Boleumdo, Gyodongdo and Seokmodo was directly collected by the author of this study while, the data from the remaining islands is from the references of them (Korea Forest Service 2000, Nam et al. 2007 , National Institute of Environmental Research 2007 , Byun et al. 2010 . The order of insect orders was followed according to the check list of insects from Korea (The Entomological Society of Korea and the Korean Society of Applied Entomology 1994), genera and species were alphabetically arranged. The geographical positions of each island are shown in Fig.  1 .
Data analysis
The similarity between sampling sites was calculated using the Bray & Curtis (1957) similarities, which is based on species presence-absence using a software program PRIMER v6 (PRIMER-E Ltd). Furthermore, the obtained value matrix is examined with cluster analysis using the UPGMA method.
The area of the islands was calculated, excluding built-up and agricultural areas using a land cover map to identify species-area relations and the nearest distance to mainland was measured identify species-distance relations. The areas and distances were transformed using a logarithmic function (MacArthur and Wilson 2001) .
Results
Number of species recorded
There were 1,001 species on the seven investigated islands Fig. 1 . Map of studied areas. 1. Baengnyeongdo, 2. Daecheongdo, 3. Yeonpyeongdo, 4. Boleumdo, 5. Gyodongdo, 6. Seokmodo, 7. Ganghwado. belonging to 12 orders (Table 1, Appendix 1). Among the seven islands mentioned above, Seokmodo has the highest number of species, 497 species under 12 orders, while Yeonpyeongdo has the lowest, 136 species under 8 orders. The species composition of insects reported in Ganghwado was 309 species under seven orders. As a result of comparing the similarity of the orders of Ganghwado with those of the six other islands, Odonata exhibited the highest, 69.2%, while Coleoptera had the lowest, 20.8% (Table 1) . 62 species, 1 species in Odonata, 2 species in Hemiptera, 9 species in Homoptera, 13 species in Coleoptera, 8 species in Hymenoptera, 9 species in Diptera, and 20 species in Lepidoptera were found only in Ganghwado, while 19 species, Acrida cinerea cinerea, Atractomorpha lata, Oedaleus infernalis, Phaneroptera nigroantennata, Shirakiacris shirakii, Teleogryllus emma, Nysius (Nysius) plebejus, Bothrogonia japonica, Allograpta balteata, Sphaerophoria menthastri, Argyronome laodice, Artogeia melete, Artogeia rapae, Celastrina argiolus, Cyntia cardui, Everes argiades, Lycaena dispar, Papilio xuthus, and Polygonia c-aureum were found in all the islands investigated (Appendix 1). Table 2 shows the similarity values between the seven localities of the studies areas. The values range from 24.907 (Gyodongdo to Yeonpyeongdo) to 49.899 (Baengnyeongdo to Ganghwado). In the islands of west coastal region, Korea and Ganghwado, the similarity values range from 25.282 (to Yeonpyeongdo) to 47.899 (Baengnyeongdo). These aspects are clearly found in a cluster analysis of Bray & Curtis similarity using the UPGMA method (Fig. 2 ).
Faunal similarity
Island biogeography
It was identified that the results are divided into two groups on the species-area curve ( Fig. 3 ), near islands (Boleumdo, Gyodongdo and Seokmodo) and far islands (Baengnyeongdo, Daecheongdo, and Yeonpyeongdo) from the continental mainland. The slope of each species-area curve could be expressed by a decimal number, which varied from one group of islands to another (Presten 1960 , Quammen 1996 , MacArthur and Wilson 2001 . The results of Ganghwado, which is effected human disturbances since it is connected to the mainland by a bridge seems to be an outlier. It turned out that islands far from the mainland showed less species richness than nearer islands (Fig. 4) .
Discussion
The composition of insect species investigated in the seven , and Baengnyeongdo (186 species under 7 orders) showed low diversity. These results coincided with the fact that the number of species increases on islands with larger areas or on islands that are closer to the mainland. Also, it probably increases with the evolutionary time that has been available for colonization, niche specialization, and speciation. This study could expand by estimating the number of species on another island and comparing the number of species on inhabited and uninhabited islands (Preston 1960 , Sanders 1968 , Odum 1983 , MacArthur and Wilson 2001 . The dendrogram showing similarity among the seven islands is . 3 . Number of species on islands in relation to the area of an island. Both the x-and y-axes are plotted on a log 10 scale. Fig. 4 . Number of species on islands in relation to distance to the mainland. Both the x-and y-axes are plotted on a log 10 scale.
shown in Table 2 and Fig. 2 . Cluster analysis using a similarity index shows that all the islands of these areas can be divided into 3 groups at the level of 30.97%. The similarity between the first group (Baengnyeongdo and Ganghwado) and the second group (Daecheongdo, Yeonpyeongdo and Boleumdo) shows 35.23%, while the similarity between the first and third group (Gyodongdo and Seokmodo) shows 30.97%. 
